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Abstract 
Background: To determine the cut-off ages and its 
gender differences for various Schmeling’s staging 
system of clavicular ossification in population of 
Karachi. 
Methods:  In this cross sectional study non 
probability, purposive sampling technique was used 
for sample collection. Total 500 digital radiographs 
of chest posterior-anterior (PA) view were included 
in the study.   Each x-ray was reviewed and assessed 
for the ossification stage of the medial end of 
clavicle.   
Results:  Radiographs of 500 participants(16 to 32 
years of age) were studied. Out of which 265 were 
males and 235 were females. Range of age of a 
person having the clavicular ossification stage from 1 
to 5 were represented. Cut off ages for stage 1-5 as 18, 
19, 22, 25 and 28  were determined, respectively. 
There was a gender difference in ossification stage of 
medial end of clavicle.  In M/F the age for stage-1 
was 18/17 years while age for stage 5 was 27/29 years 
respectively. 
Conclusion: The use of conventional radiography 
remains one of the important tools for the age 
estimation in forensic medicine. In addition, 
Schmeling’s ossification staging of medial end of 
clavicle should be cautiously observed with respect 
to socio-economic and geographical aspect of the 
population studied 
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Introduction 
Age estimation is required for identification purpose, 
criminal responsibility or to find out eligibility of 
consent or age related sport. In criminal cases age 
estimation is required to decide whether the defendant 
has reached the age of criminal responsibility.1 In most 
countries the important age for legal relevance ranges 
between 14 to 21 years for appropriate punishment 
and  responsibility. 2  
     Forensic experts use different methods for the 
estimation of age of both known and unknown person 
as well as in the living and dead. 3  For all practical 
purposes age estimates should be based on combined 
evidence including physical examination, appropriate 
x-rays, and a dental examination including a dental 
status and ortho-pantogram. The radiological method 
of assessing ossification is a reliable tool in estimation 
of the age of the living subjects. 4  Studies have shown 
that the plain x-rays can be used to assess the stage of 
ossification of the medial clavicular epiphysis and 
hence age estimation. If it is necessary to determine 
whether the subject has reached the age of 21, 
additional assessment of medial clavicular epiphysis 
by radiography is recommended.5  It has also been 
reported in several studies that the third molar teeth 
development is a reliable indicator for defining age of 
18 years, but variability in its development has been 
recognized and its effect on forensic age estimation has 
been investigated with variable results.2 As third 
molars are sometimes missing due to agenesis or 
extraction, the age estimation of majority cannot be 
based on this single method. In such cases radiological 
and configurational data are interpreted to confirm 
dental evaluations.  
    Clavicle is the long bone in the human skeleton that 
ossifies very slowly and takes long time to complete 
.From embryological point of view, the clavicle 
consists of laminated bone.6   It has been reported that 
7th and 12th week of embryogenesis is important for 
first mesenchymal differentiation, followed by lateral 
and medial bone apposition via chondral ossification.9 
Early adulthood has been considered for bony fusion 
only. Different radiological methods are used to 
examine the medial clavicular epiphysis in living 
person and consist of conventional radiography, 
computed tomography (CT), magnetic resonance 
imaging (MRI) and ultra-sound. 7 In some cases, use of 
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contrast dye injections and disproportionately higher 
radiation dose than usual conventional X-ray methods 
are the main disadvantages of CT. However, MRI 
examination can considerably decrease the radiation 
exposure but is very expensive and uses contrast 
media.7  
Most of the international data showed the age 
estimation in their population by using different 
radiological method for evaluation of epiphyseal 
closure or ossification including Schmeling’s staging 
for the medial epiphysis of the clavicle. Most of the 
researchers in Pakistan applied the methods other than 
Schmeling’s method of clavicular staging for age 
estimation.8   On the basis of above literature, the age 
estimation by using medial clavicular end ossification 
in an adolescence age group in the population of 
Karachi will give a beneficial data to the medico-legal 
experts. In view of the need of correct interpretation of 
age, present study was undertaken to determine the 
rate of ossification of the medial epiphysis of the 
clavicle in both male and female subjects. 
 
Subjects and Methods 
 This cross sectional study was carried out in United 
Medical and Dental College, from March to December, 
2014.Purposive sampling technique was  used . 
Sample size was calculated through Open-Epi website 
with level of significance 5%, margin of error 5%, 
confidence interval 95% and frequency of 28%(9). Total 
Sample size was 500.  
 
Table 1: Schmeling’s staging of medial 
clavicular epiphyseal ossification  for age 
determination 
Stage Ossification status  
Stage 1 Ossification center is not ossified 
Stage 2 Ossification center is ossified and 
epiphyseal plate is not ossified 
Stage 3 Ossification center is ossified and 
epiphyseal plate is partially ossified 
Stage 3 Ossification center is ossified and 
epiphyseal plate is fully ossified and scar is 
visible 
Stage 4 Ossification center is ossified, epiphyseal 
plate is fully ossified and scar is not visible 
 
The samples were digital X – rays chest posterior-
anterior (PA) view. Radiographs were taken by 
Computerized Radiography ICR3600. Traumatic, 
neoplastic and under-exposed radiograph were 
excluded. All radiographs were collected from Saifee 
and Creek General hospital by following all the ethical 
standards. Each x-ray was reviewed and assessed for 
the ossification stage of the medial end of clavicle. 
Cross tabulation  of  age was done with the ossification 
staging. The Schmeling’s staging of medial clavicular 
epiphyseal ossification used for age (Table 1) 
 
Results 
Radiographs of 500 participants of age groups ranging 
from 16-32 years were studied. Out of which 265 were 
males and 235 were females. Staging of each 
radiograph demonstrated  the minimum to maximum 
age of a person having the clavicular ossification stage 
from 1 to 5 (Table 2). Stage -1 ossification included the 
person having ages 16-19 years. Stage - 2 ossifications 
were having their age ranging between 17-21 years. In 
the same way the ages of persons from 20-24years 
were included in stage 3. Similarly, the persons having 
age group between 22- 28 years were included in stage 
4 and 23-32 years were included in stage 5 ( Table 3).  
 
Table 2: Cross tabulation of Schmeling’s staging 
of clavicular ossification with the age 
distribution 
Age of the 
Participants 
Schmeling’s Staging of Ossification 
1 2 3 4 5 Total (n) 
16 8 4* - - - 12 
17 12 15 - - - 27 
18 12 18 -- - - 30 
19 8 10 2* - - 20 
20 2* 18 7 - - 27 
21 - 5 13 4* - 22 
22 - 3* 16 9 - 28 
23 - 2* 13 11 6 32 
24 - 1* 11 16 12 40 
25 - - 3* 22 14 39 
26 - - 2* 11 8 21 
27 - - 1* 11 14 26 
28 - -- 3* 14 27 44 
29 - - 3* 3* 24 30 
30 - - 1* 4* 39 44 
31 - - 1*  8 9 
32 - -  2* 47 49 
Total 42 76 76 107 199 500 
* (outliers of the data 
 
Table 3: Statistical comparison of mean ages for 
the different stages stages of ossification 
Stages Age (n) 
Stage 1 
vs 2 
Stage 2 vs 
3 
Stage 3 vs 
4 
Stage 4 vs 5 
1 18 + 0.745 (4) 
P<0.0005 
* * * 
2 19 + 2.179 (4) 
P<0.0005 
* * 
3 22 + 0.745 (5) * 
P<0.0005 
* 
4 25 + 0.882 (7) * * 
P<0.0005 
5 28 + 1.009 (10) * * * 
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Table 4: Stages of clavicular ossification against 
individual age and gender  
Age of the  
participants 
Gender of the participants 
Schmeling’s staging of ossification 
Male Female 
1 2 3 4 5 Total  1 2 3 4 5 Tota 
 
16 4* 1*    5 4* 3*    7 
17 5 5    10 7 10    17 
18 8 5    13 4* 13    17 
19 6 5    11 2* 5 2*   9 
20 1* 7 2*   10 1* 11 5   17 
21  4* 7 2*  13  1* 6 2*  9 
22  1* 4* 6  11  2* 12 3*  17 
23  1* 8 6 6 21  1* 5 5  11 
24  1* 7 7 8 23   4* 9 4* 17 
25   1* 7 8 16   2* 15 6 23 
26   1* 6 4* 11   1* 5 4* 10 
27    5 7 12   1* 6 7 14 
28   3* 7 11 21    7 16 23 
29   3* 3* 20 26     4* 4 
30   1* 1* 19 21    3* 20 23 
31     4* 4   1*  4* 5 
32     37 37    2* 10 12 
Total 24 30 37 50 124 265 18 46 39 57 75 235 
    
Comparison for the stage of ossification with the mean 
ages obtained in this study  demonstrated that mean 
ages of 18, 19,22,25 and 28 years correspond to the 
ossification stage of 1,2,3,4 and 5 respectively. Further 
analysis showed that these ages were the significant 
cut off values between the different ossification stages 
(Table 3). On the basis of gender, there were 265 X-
rays of male and 235 X-rays of female participants. We 
found the age distribution of the gender groups in the  
 
Table 5:  Comparison of mean ages between the 
gender groups.  
Stages 
Mean Age in years in comparison with Schmeling’s 
Staging 
Males (n) Females (n) 
1 18 + 
0.5
77 
(2) 17 + 1.000 (1) 
2 19 + 
0.5
77 
(1) 19 + 1.290 (4) 
3 23 + 
1.0
00 
(3) 22 + 2.309 (2) 
4 25 + 
1.2
47 
(7) 26 + 1.000 (5) 
5 27 + 
1.7
48 
(10) 29 + 2.499 (5) 
All values have been presented as mean + S.D and figure in 
parenthesis represent number of observation. 
 
ossification staging as shown in (Table 4). In male 
groups the mean age cut of values were 18, 19. 23, 25, 
and 27 yearsfor the stage of 1,2,3,4 and 5. Likewise in 
the female group we found 17, 19, 22, 26, and 29 years 
as a cut off values for the stage 1,2,3,4 and 5 (Table 5). 
 
Discussion: 
    Age estimation of unidentified human person is 
necessary in the setting of a crime investigation or a 
disaster. It is particularly important in the current 
socio-political condition in Pakistan and particularly in 
Karachi. It is already proved that the age at different 
stages of life can guide medico legal experts to the 
right identity among a large number of possible 
matches A  high  frequency  of   anonymity   in crimes , 
especially cold-blooded murders either targeted or 
mass killing has motivated the forensic specialist in 
Karachi to determine age, as in jurisprudence law, 
penalty of different criminal accountability is highly 
dependent on the age of the person.  
    In the present study, we found stages of clavicular 
ossification in comparison with the age of a person . 
Further such stages had also been reported earlier with 
the same pattern in other populations related to 
different geographical places(10).  German and Spainish 
studies  showed lesser age range for ossification than 
observed in Ghana. The latter country is a tropical and 
socio-economically weak place in the world map, 
having low nutritional values than that of developed 
countries (Table 6).  
 
Table 6: Comparison of various age vs clavicle 
staging reported by different authors 
S
ch
m
el
in
g
’s
 
S
ta
g
in
g
  
Auth
ors 
Scheme
ling14  
Schulz(9) 
Kellinghaus 7   
  
AA 
Brown4  
Present 
study 
Year 
2004 
(Spain) 
2005 
(Germany) 
2010 
(Germany) 
2013 
(Ghana) 
2015 
(Pakistan) 
Ages 
in 
years 
(16-30) (15-30) (10-35) (16-32) (16-32) 
1 Less than 16 ** ** ** 16-20 
2 Less than 16 15-23 13-20 16-24 16-24 
3 16-26 16-28 16-26 17-31 19-31 
4 20-30 21-30 21-35 20-32 21-32 
5 26-30 21-30 26-35 25-32 23-32 
   ** Not done 
     Pakistan  has a tropical climate along with lesser 
socio-economic status than formerly mentioned 
countries. Therefore, the age of ossification found in 
the present study for all stages are more near to the 
reported data from Ghana. It is, therefore  suggested 
that the socio-economic status has a major influence on 
the proportion of clavicular ossification. 
     The age multiplicity reported earlier in all the 
available work in relation with the staging of medial 
Journal of Rawalpindi Medical College (JRMC); 2014;19(1):37-40 
 
 40 
clavicular ossification was not found to be a specific 
indicator of the age of a person(11).  Different stages of 
ossification overlap with the age of subject. It leads to a 
 difficulty in     formalizing  exact cutoff age between 
the stages of ossification in particular population. In 
the light of present study, it seems difficult to assess 
the age by using the Schmeling’s method unless the 
individual age of cross sectional population is 
arranged with the stages of ossification . Hence 
present  study obtained significantly different mean 
cut off values for each of the Schmeling’s stage (Table 
2). In earlier studies various stages of ossification had 
been reported without showing the cutoff values with 
respect to age. These cutoff values will be helpful in 
providing the evidence for the age identification of 
unknown person. It is found that mean adolescence 
age is18 years for stage 1, while the mean age for 
clavicular ossification of stage 5 is 27 years. 
Accordingly, it is suggested that there is a delay in 
starting of clavicular ossification and also the 
completion of ossification in the studied population. 
On the contrary, the average age of adolescence (stage 
1) as per this study is 18 years which is reported 16 in 
other studies.11 Poor nutritional values and vitamin 
deficiency might be the possible explanation for this 
difference of age versus stage of ossification in 
different studies discussed above.(12). 
  Gender difference can also affect the stage of 
ossification .(13) In present study, the age for the 
beginning of ossification in females was slightly 
earlier, i.e. 17 years than that of males where it was 18 
years. This is the variation in the time of onset of 
ossification based on the gender. While completion of 
ossification in the females is later than males, i.e. at 29 
years of age, it is to be noted that on the basis of this 
result, reference age values have been found with 
respect to clavicular ossification that are specific for 
our region.  
 
Conclusion 
1. Use of conventional radiography remains one of 
the important tools for the age estimation in 
forensic medicine.  
2.Schmeling’s ossification staging of medial end of 
clavicle should be cautiously observed with 
respect to socio-economic and geographical aspect 
of the population studied.  
3.Forensic experts can determine the exact cutoff 
age by using other radiographic clues as well for 
various stages of ossification 
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